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ABSTRACT 



Context. Hll regions and planetary nebulae (PNe) both emit at radio and infrared (IR) wavelengths, and angularly 
small Hll regions can be mistaken for PNe. This problem of classification is most severe for Hll regions in an early 
evolutionary stage, those that are extremely distant, or those that are both young and distant. Previous work has shown 
that H II regions and PNe can be separated based on their infrared colors. 

Aims. Using data from the Herschel Hi-GAL survey, as well as WISE and the Spitzer MIPSGAL and GLIMPSE 
surveys, we wish to establish characteristic IR colors that can be used to distinguish between Hll regions and PNe. 
Methods. We perform aperture photometry measurements for a sample of 126 Hll regions and 43 PNe at wavelengths 
from 8.0 fim to 500 fim. 

Results. We find that H II regions and PNe have distinct IR colors. The most robust discriminating color criteria are 
[Fi2/Fs] < 0.3, [-F160/-F12] > 1.3, and [F160/-F24] > 0.8 (or alternately [^160/^22] > 0.8), where the brackets indicate the 
log of the flux ratio. All three of these criteria are individually satisfied by over 98% of our sample of H II regions and 
by ~ 10% of our sample of PNe. Combinations of these colors are more robust in separating the two populations; for 
example all HII regions and no PNe satisfy [^12/^8] < 0.4 and [-^160/^22] > 0.8. When applied to objects of unknown 
classification, these criteria prove useful in separating the two populations. The dispersion in color is relatively small 
for Hll regions; this suggests that any evolution in these colors with time for Hll regions must be relatively modest. 
The spectral energy distributions (SEDs) of Hll regions can be separated into "warm" and "cold" components. The 
"cold" component is well-fit by a grey-body of temperature 25 K. The SEDs of nearly two-thirds of our sample of Hll 
regions peak at 160 /im and one third peak at 70 /im. For PNe, 67% of the SEDs peak at 70 /im, 23% peak at either 
22 /im or 24 ^m, and 9% (two sources) peak at 160 nm. 

Key words, stars: formation - ISM: dust - ISM: Hll Regions - ISM: PNe - Infrared: ISM 
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1. Introduction 

Despite their different origins, HII regions and planetary 
nebulae (PNe) have similar characteristics at infrared (IR) 
and radio wavelength^ The dust associated with HII re- 
gions and PNe is responsible for their emission at mid- 
IR (MIR) to far-IR (FIR) wavelengths. For HII regions 
this emission is from dust within the HII region itself 
and from the photodissociation region (PDR), which is 
the interface between the ionized g as and the i nterstellar 



the HII region. For PNe, the IR emission is from the dusty 
layers of material shed during their creation. 

Recently, there has been extensive work on the IR 
photometric properties of large samples of PN e. PNe have 
been studied using th e IRAC in st rumen t (iFazio et al, 
200^ on 
(20^; 



Kwok et al.l 



Spitzer b y iHora et all (I2004D: ICohen et al 



(200l; IZhang fc Kwo^ . i ^-^^.. 

also with t he MIPS i ns trum ent (iRieke et al.l I2004D 



medium (see rec ent re sults from, e.g.lDeharveng et al. 2010; 
lAnderson erall 120101: iRodon et al.ll2010l: lAndersonll201lO 



Spi tzer by 



Phillips fc Ramos-Larios 
ICohen et al.l (1201 Ih and 



The IR emission from the PDRs of H II regions comes from 
neutral material possibly collected during the expansion of 



IZhang fc Kwoa (l2009h : 
Most pert i nent for th e 



on 



* Herschel is an ESA space observatory with science instru- 
ments provided by European-led Principal Investigator consor- 
tia and with important participation from NASA. 

^ Technically PNe and H II regions are both "H II regions" in 
that they contain ionized plasma. Throughout we exclusively 
refer to "H 11 regions" as the ionized zones surrounding massive 
stars, and their associated dust and gas. 



. _ IChu et al.l (1200911 

.Phillips fc Marauez-Lugd (|201ll 

present study are the results of ICohen et al.l (|2007l 1201 iD . 

who showed that PNe should be well-separated from both 
ultra-compact (UC) HII regions and also more evolved HII 
regions in IRAC MIR color-color diagrams. These results, 
however, were based on simulated HII region colors and 
it remains to be seen if they can be replicated in real 
measurements. 

HII regions and PNe also emit at radio wavelengths. 
In both cases, the central star(s) produce ultra-violet ra- 
diation that ionizes the surrounding medium. This ion- 
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ized gas emits radio continuum radiation via thermal 
Bremsstrahlung (free- free). The radio continuum emission 
from HII regions is extremely bright; it has been known 
for some time that most bright continuum sources in the 
Galactic plane are HII regions. F or example, 7 5% of the 
bright radio continuum sources in iWesterhoud dlOSSl) are 
HII regions and none are PNe. While not as bright, the ra- 
dio continuum emi ssion from PNe has a l so been detected for 
numerous objects (iMilne fc Alleij[l975l: IZiilstra et al.lll98l 



lAaauist fc Kwoldll990HCondon fc KaplanlllQQSD . The stars 
powering H II regions emit considerably more ionizing flux 
than those powering PNe, and therefore the radio emission 
from HII regions can be detected at larger distances. 

Numerous authors have used data from the IRAS point 
source catalog to establish criteria f or identifying HII re- 
gions and PNe. IWood fc Churchwelll ^989) found that UC 
HII regions, which are generally young and small in an- 
gular size, have characteristic colors of [F25/F12] > 0.57 
and [F60/F12] > 1.30, where Fx is the IRAS flux at wave- 
length A and the brackets indicate a base ten logarithm. 
iHughes fc MacLeodI ()1989[ ) found that HII regions have 
characteristic colors [F25/F12] > 0.4 and [^6o/-Fi2] > 0.25 
while PNe have [F25/F12] > 0.4 and fJ^p/Fia] < 0.25 
Using different IRAS flux bands, iPottasch etall ()1988[ ) 
found PNe generally have colors [F25/F12] > 0.46 and 
[F60/-F25] < 0.52. These studies demonstrate the power of 
FIR criteria for locating and discriminating between HII 
regions and PNe. 

Candidate HII regions and PNe can in many cases be 
distingui shed based on visual ins pection of their IR emis- 
sion fe.g. lCohen et al.ll2007ll2011h . H II regions tend to have 
more extended emission that PNe, and they show less sym- 
metry. The central stars of PNe are frequently detected at 
near-IR wavelengths, and thi s has been used in th e "Red 
MSX Survey" (RMS) survey (jUrauhart et al.ll2008D to dis- 
tinguish between the two types of object. While a visual 
inspection of sources is sufficient in many cases, there are 
two cases in which visual inspection fails: young HII regions 
that are not yet extended at IR wavelengths, and evolved 
HII regions at extreme distances from the Sun. In both 
cases, the resolution of current MIR surveys does not al- 
low one to distinguish between HII regions and PNe. The 
problem is the most severe in the case of young, distant H II 
regions. Visual inspection of course also fails for studies of 
extragalactic HII regions and PNe where the resolution is 
insufficient. 

The recently completed Green Ba nk Telescope HII 
Region Discovery Su rvey (GET HRDS iBania et al.ll2010l : 
lAnderson et al.ll201l[ ) illustrates the problem of separating 
HII regions from PNe. The HRDS sources were selected on 
the basis of spatially coincident radio and MIR emission. 
While this criterion easily distinguishes thermally emit- 
ting sources (e.g. HII regions and PNe) from non-thermally 
emitting sources (e.g. supernova remnants and active galac- 
tic nuclei), it is not sufficient to distinguish between HII re- 
gions and PN e. The number of PNe detect ed in the HRDS 
is like ly low ()Bania et al.ll2010l) . although lAnderson et al.l 
(|201lt) mention a number of cases where the source classi- 
fication is unclear. The HRDS sources are the most distant 
HII regions yet detected (L. D. Anderson, 2011, in prep.). 
Their small angular size may prevent the detection of more 
diffuse emission, making visual classification unreliable. 

The goal of the present work is to establish IR 
criteria that can be used to distinguish between HII 



regions and PNe. These criteria can then be applied 
to samples of objects of unknown classification, which 
could greatly increase the number of kno wn HII regions 
and PNe. The Herschel Hi- GAL survey ( Molinari et al.l 
[20T0h . toget her with WISE (iWright et al.l I2010D. Svitzer 
MIPSGAL (iCarev et al.ll2009l). and Spitzer GLIMPSE 
(|Beniamin et al.ll2003t IChurchweh et al.ll2009D allow us to 
revisit IR criteria for separating the two classes of ob- 
jects, at much higher resolution and sensitivity compared 
to IRAS. 



2. Data 

2.1. Herschel Hi-GAL 

The on-going Hi-G AL survey uses the PACS 
(iPoglitsch et al.l I2010D and SPIRE (iGriffin et al.l l2010ll 

instruments of the Herschel Space Observatory to map the 
Galactic plane over the zone -^70° > / > -70°, \b\ < 1°, 
and was recently awarded time to map ~ 240 square 
degrees in the outer Galaxy as well. Hi-GAL contains 
photometry bands centered at 70 /im and 160 fim with 
PACS, and 250 /^m, 350 /^m, and 500 fim with SPIRE. The 
spatial resolutions of these bands are 6.7", 11", 18", 25", 
and 37", respectively. The point source sensitivities of 
Hi-GAL measured in a complex field are 0.5, 4.1, 4.1, 3.2, 
and 2.5 Jy/beam for the 70 /im, 160 /im, 250 //m, 350 /im, 
and 500 /xm bands while those in a less complex field ar e 
0.06, 0.9, 0.7, 0.7, and 0.8 Jy/beam (|Molinari et al.ll2010[ ). 
The FIR coverage of Hi-GAL traces the emission of dust; 
the 70 /im Hi-GAL band is sensitive to warm (^ 100 K) 
dust while the longer wavelength bands are more sensitive 
to colder (- 10 - 30) K dust. 

2.2. WISE 

The Wide-field Infrared Survey Explorer (WISE) mapped 
the entire sky in four IR bands: 3.4 /im, 4.6 /im, 12 /xm, and 
22 /im. The data used here are from the preliminary data 
release of 14 April 2011, which cover ~ 57% of the sky. 
Along the Galactic plane, this coverage extends approxi- 
mately from 60° > ^ > -70° and 240° > £> 120°. The 
spatial resolutions in the four bands are 6'.'1, 6'.'4, 6"5, and 
12" and the sensitivities are 0.08 mJy, 0.11 mJy, ImJy, and 
6mJy, respectively. 

Here we use only the WISE 12 /im and 22 /im bands. 
The WISE 12 /im band should trace similar dust emission 
components as that of the IRAC 8.0 /xm band. The 12 /im 
band, however, is significantly broader than that of the 
IRAC 8.0 /im band; within this broad band are PAH fea - 
tures at 11.2 /im, 12.7 /im, and 16.4 /im fsee lTielensll2008D . 
The PAH features at 7.7 /im and 8.6 /im also fall within 
the bandpass although at diminished sensitivity. There are 
also nebular emission lines that may be strong in evolved 
PNe. The 22 /im band should trace the same dust emission 
components as the 24 /tm MIPSGAL band (see below). 

The WISE 22 /im band saturates for point sources at 
12.4 Jy (see WISE explanatory supplemenlQ) which is six 
times higher than that for MIPSGAL, 2Jy ()Carev et al.l 
2008). We thus expect the WISE 22 /xm band to be less 
affected by problems caused by saturation compared to the 



^ http:/ /wise2. ipac.caltech.edu/docs/release/prelim/expsup/ 
wise_prelreLtoc.html 
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MIPSGAL 24 band. The WISE 12 band saturates 
for point sources at 0.9 Jy. 

The WISE image data have units of DN and we use 
the DN-to-Jy conversion factors of 2.9045 x 10^^ and 
5.2269 X 10~^ for the 12 fim and 22 /im bands, respectively 
(see WISE explanatory supplement^). 



2.3. Spitzer MIPSGAL 

The Spitzer MIPSGAL survey mapped the Galactic plane 
over +60° > / > -60°, \b\ < 1° using the MIPS instru- 
ment. MIPSGAL used two of the three MIPS photomet- 
ric bands centered at 24 /im and 70 fim. Here we use only 
data from the 24 /im band, which has a spati al resolution 
of 6". MIPSGAL saturates at - 1700MJvsr- MCarev et all 
(j2008|) . and strong saturation is present for many star- 
forming regions and for some PNe (see ^ . Unlike the IRAC 
bands, the MIPS 24 // m data have minimal correction for 
extended source fluxes (|Cohenll2009l) and we apply no such 
correction when computing fluxes. 

For H II regions, the 24 fim emission is detected from two 
distinct zones: along the PDR and also spatially coincident 
with the ionized gas. These components c ontribute roughly 
equal l y to the 24 iim f lux of H II regions (jPeharveng et al.l 
I2nint lAndersonllinTlll . The emission coincident with the 
ionized gas likely comes from very small grains (VSGs) 
out of thermal equilibrium. The emission from the PDR 
is probably a combination of emission from VSGs and from 
a larger grain population whose temperature is closer to 
25 K. For PNe, the emission at 24 /im also likely contains 
contributions from dust at a range of temperatures, but 
there may also be nebular emission lines that contribute to 
the emission in this band. 



2.4. Spitzer GLIMPSE 

The Spitzer Galactic Legacy Infrared Mid-Plane Survey 
Extraordinaire (GLIMPSE) mapped the Galactic plane 
over the same Galactic zone as MIPSGAL using the IRAC 
instrument. GLIMPSE contains four MIR bands at 3.6 fim, 
4.5 /im, 5.8 /im, and 8.0 /im at resolutions of ~ 2". Here 
we use only the 8.0 /im band because, relative to the other 
GLIMPSE bands, this band contains fewer stars and more 
intense diffuse emission. This makes source fluxes easier to 
measure and decreases errors in the aperture photometry. 
In addition to being sensitive to warm dust, the 8.0 /xm filter 
contains polycyclic aromatic hydrocarbon ( PAH) emissio n 
from PAH features at 7.7 /xm and 8.6 /im ('see lTielensl[2008l) . 
PAH molecules fluoresce when excited by far-UV photons 
and t hus emit very strong ly in HII regions (see ISO spec- 
tra in iPeeters et al.ll2002alM . PAH emission is moderately 
strong for C-rich PNe and is weak or abse nt for 0-rich PNe 
(|Volk fc Kwokl[200l [B^ard-Salasl[2006h . 

Scattering within the focal plane causes an increase in 
the measured flux of extended sources with the IRAC in- 
strument, an effect that is wavelength dependent. To cor- 
rect for this effect, we follow the .Spzteer recommendation£0 
and apply an aperture correction to the 8.0 /im fluxes, based 
on the size of the aperture. This correction lowers the mea- 
sured flux values by a maximum of 35% for apertures > 50". 



See http://web.ipac.caltech.edu/stafF/jarrett/irac/calibration/ 



2.5. IRAS 

The IRAS satel lite m apped 98% of the sky at 12, 25, 60, 
and 100 /im. In ii l5.2.1l wc use reprocessed IRAS data known 
as IRIS (Miville-Dcsclicncs & Lagachc 200i) to compare 
against WISE 12 /im fluxes. IRIS improves on the origi- 
nal IRAS data by correcting for calibration issues, the zero 
level, and striping problems. The angular resolution of the 
IRIS data is 3'.8 ± 0% 3'.8 ± 0.'2, 4.'0 ± 0.'2, and 4f3 ± 0.'2 
for the 12, 25, 60, and 100 /xm bands, respectively. 



3. Source Samples 

We require that all Hll regions and PNe fall within the 
boundaries of all the IR surveys used here. At the time of 
this writing, the Hi-GAL coverage is the most restrictive. 
It includes longitude coverage from 346?5 > £ > 290°, and 
3? 5 > £ > —4? 5, in addition to a few other more isolated 
fields. We restrict our samples to the above stated ranges in 
the southern Galactic plane and about the Galactic center. 



3.1. Hll Regions 

Our goal in creating the H II region sample is to have H II re- 
gions spanning a range of evolutionary stages. We make no 
attempt to create an H II region sample with angular sizes 
matching that of the PN sample. While many Hll regions 
could not be confused with PNe due to their large angular 
sizes, if they were located 20 kpc from the Sun the situa- 
tion would be less clear. By including HII regions spanning 
a range of physical sizes, we can account for the two sit- 
uations where an Hll region may be confused with a PN: 
young compact HII regions in an early evolutionary stage 
and more evolved HII regions at extreme distances from 
the Sun. 

We compile our sample o f Hll regions from (a) the 
HRDS (jAnderson et al.ll201lD . (b) the catalog of Hll re- 
gions detected in recombination line em i ssion prior to 
the HRDS described in Anders on et al.l (|201lt) (hence- 
forth identified as the "known" sample), and (c) sources 
classified as HII regions in the RMS survey. The angu- 
lar sizes of the HRDS targets are typically < 2', but 
many are extremely distant (L. D. Anderson, 2011, in 
prep.). The regions known prior to the HRDS consist 
m ainly of those sources in t he re combinati o n line surveys 
of ICaswell fc HavnesI (|1987t) and iLockmanl (|1989D for the 
Galactic zone h ere studied, although there are also con- 
tribut ions from i Lockman et al.l (11996'), and ISewilo et al.l 
()2004D . The RMS survey c ontains objects de tected as point 
sources in the MSX survey (|Egan et al.l2003D , excluding the 
zone within 10 ° of the Galactic center. Since they are un- 
resolved by MSX, which has an angular resolution of 18'.' 3 
([Price et al.ll200i[) . the MSX targets are small in angular 
size. The MSX sources used here that were classified as 
HII r egions by the RMS sur vey all have detected CO emis- 
sion ('Urguhart et al.'l 2007bt ) and radio continuum emission 
(Urauhart et al. 20073), which together solidify their clas- 
sification as Hll regions. As with the PNe, we only include 
HII regions in relatively uncomplicated fields. 

Our H II region sample contains 126 sources: 21 from the 
HRDS, 49 from the known sample, and 56 from the RMS 
survey. This sample of Hll regions contains older, evolved 
regions in the "known" sample, younger HII regions from 
itiktexElMM , survey (many of which are in the ultra-compact 
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Fig. 1: Infrared images of Hii regions from 8.0 /im to 500 /im for three representative sources. Shown are G346. 875+0. 328, 
G310.994+0.389, and G307.736-0.594 from top to bottom. The images for G346.875+0.328 and G307.736-0.594 are 5' 
on a side while those of G310. 994+0. 389 are 12' on a side. 



phase, as indicate d by their compact radio continuum emis- 
sion measured bv lUrguhart et all (|2007al) ). and the HRDS 
sources, which likely span a range of evolutionary stages 
(L.D. Anderson, 2011, in prep.). 

Example H II region images are shown in Figure[T] which 
shows data from 8.0 /im to 500 /xm. At 8.0 /im and 12 /im, 
if the resolution is sufficient, the H II region PDR appears 
bright in part because of emission of PAHs. At 24 //m and 
70 /im, if the resolution is sufficient, the H II region PDRs 
are detected with a similar morphology as that seen at 
8.0 /<m. There is also, however, IR emission fr om the region 
spatially co i ncident with the i onized gas (see Watson et a.1.1 
120081 120091 : iDeharveng et al.l [20T0I : lAnderson et al.ll20l'ir 
This emission likely comes from a different dust grain pop- 
ulation than the emission in the PDR. It is detected at 
wavelengths from 12 /im to 70 /im (see G310. 994+0. 389 in 
Figure[T|). At wavelengths longer than 70 /im, the dust emis- 
sion associated with the H II regions here studied is almost 
entirely from the colder dust in the PDR. This emission 
again has a similar morphology as the emission at 8.0 /im, 
although nearby local filaments associated with the HII 
regions are also sometimes detected. For angularly small 
sources, the emission from the H II region is frequently 
found along a filament whose emission at Herschel SPIRE 
wavelengths suggests a cold temperature (for example, the 
emission from a filament with a dust temperature of 15 K 
peaks near 200 /im and this filament would emit strongly in 
the 250 /im SPIRE band). For these sources, their small an- 
gular size and location along a cold filament together hint 
at an early evolutionary stage. 

In Figure H G346.875+0.328 and G310.994+0.389 
would not be confused for PNe due to their extended emis- 
sion. For G307. 736— 0.594, however, the situation is less 
clear from a visual inspection alone. 



3.2. Planetary Nebulae 

Our goal in creating the PNe sample is to have as many 
sources as possible, while excluding sources misclassified as 
PNe. Because we are interested in determining representa- 



tive FIR colors, we require that all PNe are detected in at 
least two of the IR bands considered here. 



W e compile our sample of PNe from iKohouteS 
(|200lh . and the Macquarie-AAO-Strasbourg Ha PN 
Project (M ASH) catalogs of more recently discovered PNe 
(Pa rker et all 120061 : iMiszalski et al l 12001 We also include 
PNG313.3+00.3 from lCohen et all (|2005D . Based on their 
photometric and spectroscopic observations, the MASH 
catalogs have a qualitative estimate of whether each source 
is a "true" PN, or whether it is merely "likely" or "possi- 
ble" . We include only "true" PNe in our sample and exclude 
MASH sources classified as "likely" or "possible" PNe. 
We also exclude PNe in complicated zones of the Galaxy 
where accurate ph otometry would be d ifficult. Fol l owing 
I Cohen et al.l ()2011h . we remove objects in lKohoutekl (|200lD 
whose classification as PNe is questionable. Our sample 
includes 43 PNe, 25 from [Kohoutek! (l200lh . nine from 
iParker et al] (120061). eight fro m Miszal ski et all (|2008[) , and 
one source from lCohen et al.l (|2OO50 . 



Example PNe images are shown in Figure |21 which 
shows data from 8.0 /im to 500 /im. While many PNe are 
resolved at 8.0 /im, few show extended emission at longer 
wavelengths. At the longest _ffersc/ieZ wavelengths, the emis- 
sion from PNe is frequently confused with brighter diffuse 
features. 



Our sample of PNe may not be representative of the 
entire population of PNe in the Galaxy. Our sample is, 
however, representative of IR-bright PNe that may be con- 
fused with H II regions. Many PNe are too faint in the IR 
to be detected with t he suvey data used here. For exam- 
ple, jHora^Fal] (j2008D found that of 233 optically identified 



PNe in the Large Magellanic Cloud, 161 were detected at 
24 /im with the MIPS instrument. All sources in our sample 
are found along the Galactic plane, which may introduce a 
bias as it will exclude some of the nearest brightest sources 
that are off the plane. 
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Fig. 2: Infrared images of PNe from 8.0 /im to 500 /im for three representative sources. Shown are PNGOOl.1+00.8, 
PNG322.4-00.1, and PNG308.1-00.5 from top to bottom. All images are 5' on a side. PNGOOl. 1+00.8 and 
PNG322.4— 00.1 are rather bright sources and are detected at all wavelengths, while PNG308. 1—00.5 is rather faint 
and is not detected at wavelengths longer than 160 /im. The increasing confusion with wavelength is evident. 



was necessitated in part by the background, which varies 
strongly with wavelength. An appropriate background at 
24 fim for example may contain large bright diffuse struc- 
tures at longer wavelengths. 

Bright point sources can affect the aperture photometry 
measurements. For the wavelengths considered here, point 
source contamination is especially strong from 8.0 /xm to 
24 /im, where the contaminants are mostly stellar. We ex- 
clude the pixel locations of especially bright point sources 
by hand from the aperture photometry measurements by 
defining apertures that avoid such features, but we do not 
remove point sources from the images. The HIT regions in 
our sample are in general much brighter than the com- 
bined flux of any point sources within the aperture at the 
wavelengths considered here; the removal of point sources 
would have minimal impact on the derived fluxes. Regions 
of bright extended emission have a dearth of detected point 
sources because of the increased Poisson (VN) noise (see 
Robitaille et al. 2008, their Figure 2). Removing the flux 
from all detected point sources would therefore assign more 
flux per unit area to the background region compared to the 
source aperture, leading to an underestimate of the HII re- 
gion flux. Due to their small angular size, point source con- 
tamination is also not generally a problem for PNe since 
very few point sources are spatially coincident with the 
PNe themselves. We make no attempt to exclude all point 
sources from the background apertures, although we do de- 
fine apertures to exclude bright point sources. Any flux 
from low-intensity point sources distributed over the back- 
ground aperture is likely present in the source aperture as 
well. 

We perform aperture photometry using the relation: 

= S,,o - ^ X iVs , (1) 

where Si, is the source flux after the background correction, 
S'ly^o is the flux within the source aperture (before back- 
ground correction), B^, is the flux within the background 
aperture, Nb is the number of pixels in the background 
aperture, and Ns is the number of pixels in the source 



4. Aperture Photometry 

We perform aperture photometry for all PNe and HII re- 
gions in our sample using the Kang softwareQ, version 1.3. 
This software treats fractional pixels such that if an aper- 
ture encloses 30% of the area of a pixel, 30% of the pixel 
value is included in the aperture flux. Additionally, one can 
use apertures of arbitrary size and shape and deflne regions 
to exclude from the aperture photometry. This flexibility is 
important for the present analysis in which many regions of 
interest are in complicated fields, have irregular morpholo- 
gies, or have nearby contaminating sources of emission. 

For the H II regions in our sample, we generally use the 
same source and background apertures at all wavelengths. 
When defining apertures we attempt to include all the asso- 
ciated emission at all wavelengths. Most of the H II regions 
in our sample are bright at IR wavelengths, are relatively 
unconfused with nearby sources of emission, and have a 
similar morphology and angular extent at all wavelengths. 
For nearly all HII regions, a single source aperture for all 
wavelengths is sufficient to enclose the associated IR flux 
from the HII region. We make an exception for some an- 
gularly small H II regions and for regions in areas whose 
background emission varies strongly with wavelength. Very 
small sources sometimes appear within a small cluster of 
similar sources at 8.0 /im, although at longer wavelengths 
a single source dominates the emission. An example of this 
phenomenon is shown in the third row of Figure [TJ For such 
sources we locate the 8.0 /xm source that is spatially coinci- 
dent with the bright source detected at longer wavelengths. 
We define a small aperture at 8.0 /im to isolate the emis- 
sion from the source responsible for the longer wavelength 
emission. 

We define for each PN separate source and background 
apertures at each wavelength. Due to their small angular 
sizes and relatively low IR fluxes, the aperture photometry 
for the PNe is considerably more sensitive to the aperture 
size and placement compared to that for HII regions. The 
choice to deflne individual apertures at each wavelength 



* http;//www. bu.edu/iar/kang/ 
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aperture. This treatment subtracts the mean flux within 
the background aperture from each pixel in the source aper- 
ture. The use of the mean flux in the background aperture 
rather than the median flux should better estimate the con- 
tribution from low-intensity point sources. 

For all HII regions and PNe we define four back- 
ground apertures and a single source aperture. We use for 
the measured flux at a given wavelength the average of 
the four background-subtracted fluxes found after apply- 
ing Equation [T] individually to the four source-background 
pairs. For the uncertainty in fiux we use the standard devia- 
tion of the four background-subtracted flux measurements. 

This method for calculating the flux and uncertainties 
estimates the true uncertainties associated with our aper- 
ture photometry method, which in most cases are domi- 
nated by the choice of the background region. In particu- 
lar, our method accurately estimates errors in fields with 
strongly varying background emission. In such fields the 
standard deviation of the pixel values in any given back- 
ground aperture may be low, but the differences in com- 
puted fiux between different background apertures may be 
high. 

5. Results 

The results of the aperture photometry for the HII re- 
gions and PNe are given in Tables [T] and [U respectively. 
Both tables contain the source name followed by the source 
Galactic longitude and latitude and the angular size (ra- 
dius) of the aperture used at 24 ^m. For the PNe in Tabled 
we list both the Galactic name and the commonly used 
source identifier. The size column in Table [1] is given in 
arcmin. while that in Table [5] is given in arcsec. The sizes 
listed are the "mean radius," calculated from the area of a 
circular aperture encompassing the same area as the source 
aperture. Both tables then list in successive columns the 
flux in Jy and the uncertainties at 8.0 ^m, 12 /xm, 22 /im, 
24 /im, 70 /im, 160 /im, 250 /im, 350 /im, and 500 /im. If more 
than 0.1% of the source pixels are saturated at 12 /im, 
22 /im, or 24 /i,m (see below) these fiuxes are marked with 
the symbol: f. The final column in both tables is the refer- 
ence. 

If 0.1% or more the pixels within a source aperture at a 
given wavelength are saturated such that they have a value 
of "NAN," we exclude this source from all subsequent anal- 
yses involving that wavelength. When there is such severe 
saturation the aperture photometry fluxes are less reliable. 
Saturation in the MIPSGAL 24 /im data is present for many 
H II regions and for two PNe in our sample. The WISE data 
at 12 /im and 22 /im are also saturated for many sources. 
In Figure [3] we show the ratio of the WISE 22 /tm fiux to 
the MIPSGAL 24 /tm fiux versus the percentage of pixels 
within the MIPSGAL aperture that are saturated. The av- 
erage F22 to F24 ratio for the entire sample of H II regions 
for which no saturation is detected is 1.05 ± 0.16 (see be- 
low); this is shown shaded in Figure [3] The horizontal line 
at 0.1% separates sources whose 22 /im and 24 /tm fluxes 
are more than 25% different from each other. 

Saturation is a problem for many HII regions in the 
data used here. Forty HII regions have more than 0.1% of 
their pixels at 24 /im saturated with a value of "NAN" : 26 
from the Known sample, 12 from the RMS, and two from 
the HRDS. Additionally, there are two PNe that satisfy 
this criterion: PNG358.9-00.7 and PNG359.3-00.9. There 
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Fig. 3: The ratio of the WISE 22 /im fiux to the MIPSGAL 
24 /im flux versus the percentage of MIPSGAL pixels that 
are saturated. Hii regions that have some level of satura- 
tion in the WISE 22 /im band are shown with open circles 
and those that do not are shown with filled circles. The two 
saturated PNe are shown with triangles. The dotted hori- 
zonal line shows our cutoff at 0.1% saturated pixels and 
the grey area shows the standard deviation of the average 
of the ratio for all non-saturated Hii regions. The cutoff at 
0.1% separates sources more than one standard deviation 
from the mean. 



is also strong saturation in the WISE data, especially at 
12 /im. Thirty HII regions in our sample have more than 
0.1% of their pixels saturated at 12 /im (25 from the known 
sample, four from the RMS and one from the HRDS) and 
16 satisfy this criterion at 22 /im (15 from the Known sam- 
ple and one from the RMS). In the WISE bands no PNe in 
our sample are saturated according to our saturation cri- 
terion. PNG359.3-00.9, a PN that shows severe saturation 
at 24 /im, however, has an anomalously low flux at 12 /im 
compared to its 8.0 /im fiux. This indicates that it too may 
be saturated at 12 /xm; we exclude it from further analy- 
sis involving the 12 /im flux. Some HII regions show mild 
saturation at 250 /im and 350 /im, but none meet the 0.1% 
cutoff. 

5.1. Detection Rates 

At each wavelength we visually assess whether each source 
was detected. Some sources that we count as non-detections 
may in fact be marginally detected, but they do not al- 
low the high photometric accuracy required for the present 
analyses. The detection of a source at a particular wave- 
length is a function of the intrinsic source brightness, the 
detector and telescope sensitivity, the manner in which the 
data were taken, and the local background. Whether a 
source was detected or not at a particular wavelength there- 
fore does not necessarily reflect the intrinsic properties of 
a source. On average, however, sources detected at a given 
wavelength are brighter than those that are not detected at 
that wavelength. 

All HII regions in our sample are detected at all wave- 
lengths. All PNe in our sample are detected at 24 /im and 
70 /im. When creating our PNe sample, however, there were 
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four PNe only detected in MIPSGAL that otherwise met 
our criteria; because we require detection in two wavelength 
bands, we excluded these sources from our PNe sample. 
This suggests that the 24 fim MIPSGAL band is the most 
sensitive of the bands studied her e for locating PNe , fol- 
lowed by the Hi-GAL 70 ^m band. iHora et all pOOSD also 
found that the 24 fim band was very sensitive to PNe. 

AU but one PN is detected in the WISE 22 ^m data for a 
98% detection rate while three PNe are not detected in the 
WISE 12 urn data for a 93% detection rate. At 8.0 /xm, 91% 
of our sample PNe are detected. At wavelengths higher than 
70 ^m, the detection percentage steadily decreases: 72% of 
the PNe are detected at 160 ^m, 49% at 250 ^m, 37% at 
350 /zm, and 28% at 500 /xm. In part because of the decreas- 
ing spatial resolution, as the wavelength increases there is 
considerable confusion with other sources of emission. This 
contributes to the decreasing detection rates with increas- 
ing wavelength, although the intrinsic faintness of PNe at 
FIR wavelengths is likely a larger factor. 

5.2. Fluxes 

The HII regions in our sample have significantly higher 
fluxes compared to the PNe, at all wavelengths. Both sam- 
ples of objects are composed of relatively bright examples 
of their classes. The maximum PN flux can be used to set 
an upper limit that potentially would allow one to separate 
the two classes. 

In Figure 21 we show the two flux distributions for H II 
regions and PNe in the 70 /xm Hi-GAL data; the distri- 
butions for other photometry bands are similar. For our 
sample of PNe, the maximum fluxes at 8.0 /im, 12 fim, 
22 //m, 24/Ltm, 70 /zm, 160 /zm, 250 /um, 350 /xm, and 500 /xm 
are 5.3 Jy, 6.2 Jy, 83.2 Jy, 31.4 Jy, 101.6 Jy, 46.0 Jy, 22.3 Jy, 
7.7 Jy, and 3.5 Jy, respectively. The maximum 24 /xm value 
is saturated and the true value should be closer to the 22 /xm 
value. Objects with fluxes higher than these values are un- 
likely to be PNe, although in extreme cases a bright PNe 
may have IR fluxes considerably higher than these limits 
(e.g. IC418 or NGC6302). 

5.2.1. A Comparison Between WISE, MIPS, and IRAS 

The 22 /xm WISE fluxes are highly correlated with the 24/xm 
MIPSGAL fluxes, as shown in Figure [SJ This is expected 
due to their similar wavelengths and bandpass shapes. That 
the WISE and MIPSGAL fluxes are so highly correlated 
over five orders of magnitude shows that the fidelity of the 
WISE preliminary release data is adequate for our analyses 
here. We find that the WISE 22 /xm band fluxes are on 
average 1.05 ± 0.16 times the MIPS 24/xm fluxes for HII 
regions that are below our saturation threshold. For PNe, 
the WISE 22 /im band fluxes are on average 1.01 ± 0.23 
times the MIPS 24 /tm fluxes. Many of the sources below 
the line in Figure [5] are saturated in the 24 /im band - we 
have not excluded saturated sources from the figure. 

The 12 /xm WISE fluxes are less strongly correlated with 
IRAS 12 fim fluxes, as shown in Figure |6l To create Figure [6] 
we measured the IRAS 12 /xm fluxes for well-isolated HII 
regions. We used the same method as before, but we defined 
new apertures to take into account the significantly poorer 
IRAS resolution. Gontrary to Figure [SJ Figure [5] shows only 
sources that are not saturated in the WISE 12 /im band 




Fig. 4: The distributions of 70 /im fluxes. The fluxes of Hii 
regions are shown in dark grey while those of PNe are shown 
in light grey. The hatched box has contributions from both 
Hii regions and PNe. Our sample of Hii regions is signifi- 
cantly brighter than our sample of PNe. 
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Fig. 5: Gorrelation between WISE and MIPSGAL. In 
the top panel we plot the WISE 22 /xm fiux versus the 
MIPSGAL 24 /im fiux; in the bottom panel we show the 
ratio of the MIPSGAL 24 /im fiux to the WISE 22 /im flux, 
as a percentage. The dotted line in both panels shows a 
one to one relationship. Errors are the la photometric un- 
certainties. There is a strong correlation between the two 
fluxes over five orders of magnitude. The sources below the 
trend line, especially for high values of the flux, indicate 
MIPSGAL saturation. 



according to our saturation criterion. Especially at higher 
fluxes, we flnd that the correlation is quite good. Given the 
larger photometric errors. Figure [6] is less conclusive than 
FigureEl although it does also suggest that the photometric 
quality WISE preliminary release data is high. 
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Fig. 6: Correlation between WISE and IRAS. In the top 
panel we plot the WISE 12 /xm flux versus the IRAS 12 fim 
flux; in the bottom panel we show the ratio of the IRAS 
12 /ini flux to the WISE 12 /xm flux, as a percentage. The 
dotted line in both panels shows a one to one relationship. 
Errors are the la photometric uncertainties. There is a cor- 
relation between the two fluxes over four orders of magni- 
tude, although there is significant scatter in the relation- 
ship. This scatter is likely due in large part to the difficulty 
of IRAS photometric measurements. We have included only 
H II regions that are not saturated in the WISE 12 /im band. 



5.3. Spectral Energy Distributions 

Based on the results from IRAS mentioned in the intro- 
duction, which showed that HII regions and PNe possess 
on average different FIR colors, we expect that the shapes 
of the spectral energy distributions (SEDs) of HII regions 
and PNe are also different. Spectral observations with the 
Infrared Space Observatory (ISO) have also sh own that PNe 
and H II regions have different mean SEDs fsee lCohen et al.l 
[l999; Pecters et al. 2002b); the SEDs of PNe are generally 
broader than those of HII regions. 

The average SEDs normalized to the peak fiux for 
PNe and HII regions are shown in Figure [T] We only 
include the 12 fim, 22 /im, and 24 /im fiuxes in the aver- 
ages if the sources are not saturated at these wavelengths 
according to our saturation criterion. For PNe not de- 
tected at all wavelengths, we exclude from the averages 
the contribution from wavelengths where the source was 
not detected. The IR emission from PNe evolves with 
time as the dust in the circumstella r shell expands (e.g 
iGarcia-Lario fc Perea CalderonI 120031) . Even for the same 
evolutionary state, whether a given P N is oxyg en-rich or 
carbon-rich can affect its IR properties (|Volk fc K wok 20dl 
lBernard-Salail2006[) . Thus there is significantly more dis- 
persion in the average PN SED compared to that of the H II 
regions, as can be seen in the larger error bars in Figure [T] 

The difference between the average H II region and PNe 
SEDs is clear. For HII regions, the SED peak near 100 /im 
can be ascribed to "cold" dust, while the MIR emission has 
contributions from warmer dust and emission lines (largely 
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Fig. 7: Spectral Energy Distributions. Shown are the aver- 
age normalized spectral energy distributions for H ii regions 
(dark grey filled area) and PNe (black curve). The SED for 
dust of temperature 24.8 K is overplotted with a dashed 
line. Error bars show the standard deviation in each data 
point, and are to the left of the points for H ii regions and to 
the right for PNe. There is considerable difference between 
the two average SEDs of H ii regions and PNe. 



PAHs). The average PN SED rises steeply from 8.0 /im to 
24 /tm, has a broad peak near 70 /im, and decreases from 
70 /im long- ward. We find that a single temperature can- 
not fit the broad average SED of PNe, indicating that 
there is dust at a range of temperatures. The average SED 
for PNe looks similar to what is exp e cted based on the 
SEDs of individual PNe in iHora et al.l (|2008f ) from 8.0 /im 



to 70 /im. There is, however, considerably less scatter in our 
70 /im data point than would be expected from their data. 
Additionally, many of their sources have higher 24 /im fluxes 
than 70 /im fluxes. 

The 12 /im WISE flux for HII regions is on average less 
than the 8.0 /im GLIMPSE flux. The average ratio Fiz/i^s 
is 0.84 ± 0.26. We do not believe this is a systematic er- 
ror in the WISE 12 /im fluxes because no such trend was 
found when comparing WISE fluxes with IRAS fluxes (see 
Figure [6]) , but rather is caused by the PAH emission in the 
8.0 /im band (see also ^5.4p . 

We flnd that the "cold" component of the mean HII 
region SED is well-fit by a single temperature grey body 
model with a dust temperature 24.8±0.2K, when the spec- 
tral index of the dust emissivity, /3, is held fixed to a value 
of 2.0. In these fits, we have assumed 25% of the emis- 
sion at 70 /im is due to a hotter dust component. Relaxing 
the assumption at 70 /im changes the derived temperatures 
to 26.3 K, although the fit quality is significantly worse. 
The mean H II region SED shown in Figure [7] is very sim- 
ila r to th e average SED for "bubble" HII regions shown 
m lAnderson (2011), as are the derived dust temperature 
values. 

Over two-thirds (68%) of HII regions in our sample 
peak at 160 /im, while one third (32%) peak at 70 /im. Of 
the PNe SEDs, 67% peak at 70 /im, 23% peak at either 
22 /im or 24 /im, and 9% (two sources) peak at 160 /im. 
The two PNe that peak at 160 /im are PNG002.2+00.5 and 
PNG358.6-H00.7. 
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Fig. 8: IR color distributions for Hii regions and PNe. Shown are the six colors (the log of the flux ratio) best able to 
discriminate between Hii regions (dark grey) and PNe (light grey). The hatched areas contain contributions from both 
H II regions and PNe. The vertical dotted lines show our proposed cutoff value for separating the two populations. 



Table 4: IR colors for disinguishing Hii regions from PNe. 



Color 


Cutoff 


%HII 


%PN6 


Avg. (HII) 


Avg. (PNe) 


#HII 


#PNc 


[Fl2/F8\ 


< 0.3 


98 


18 


-0.09 ±0.11 


0.57 ±0.29 


96 


38 


[F22/F8] 


< 1.0 


92 


20 


0.59 ±0.31 


1.23 ± 0.34 


110 


39 


IF24/FS] 


< 1.0 


93 


21 


0.55 ±0.29 


1.23 ±0.31 


86 


37 


[F70/F12] 


> 1.3 


96 


20 


1.92 ±0.36 


1.01 ±0.40 


96 


40 


[F70/F22] 


> 0.8 


98 


26 


1.25 ±0.22 


0.39 ±0.51 


110 


42 


[F70/F24] 


> 0.8 


100 


26 


1.26 ±0.21 


0.42 ± 0.47 


86 


41 


[F160/F12] 


> 1.3 


100 


10 


2.06 ±0.38 


0.80 ± 0.49 


96 


30 


[F160/F221 


> 0.8 


100 


12 


1.38 ±0.26 


0.16 ±0.64 


110 


31 


[F16Q/F24] 


> 0.8 


100 


10 


1.40 ±0.25 


0.22 ±0.55 


86 


29 


[Fl60/F70] 


> -0.2 


97 


25 


0.10 ±0.17 


-0.32 ±0.24 


126 


31 



5.4. Discriminating Colors 

We examined the distributions of all possible colors to 
search for the most robust criteria for discriminating be- 
tween H II regions and PNe. The distributions for the most 
robust colors are shown in Figure [S] There, the hatched ar- 
eas contain contributions from both H II regions and PNe. 
The vertical dotted lines in Figure [8] are our proposed dis- 
criminating color values. Throughout, we use the notation 
such that flux ratios enclosed in square brackets represent 
the log of the flux ratio. 

In Table UJ wc list statistics on the colors shown in 
Figure [HI as well the statistics of some additional colors. 
In Figure [SI we show colors using the WISE 22 /im data 
in lieu of the MIPSGAL 24 /im data, but we list statistics 
on colors found using both data sets in Table [4) Table [4| 
gives the color, the proposed discriminating color cutoff 
value, the percentage of HII regions and PNe satisfying 
this color cutoff, the average value of this color for the 
HII regions and PNe in our sample, together with their 
standard deviations, and the number of H II regions and 



PNe that were used in the calculations. Table [D shows that 
there are many different colors that can robustly separate 
PNe and HII regions. The three most effective colors are 
[Fi2/Fs] < 0.3, which is satisfied by 98% of HII regions and 
7% of PNe, [Fi6o/J^i2] > 1-3, which is satisfied by 100% of 
HII regions and 10% of PNe, and [F160/F24] > 0.8, which 
is also satisfied by 100% of HII regions and 10% of PNe 
([^160/^22] > 0.8 is satisfied by 100% of HII regions and 
12% of PNe). 

Table [3| shows that H II regions possess a relatively nar- 
row range of colors. Since our sample has HII regions in 
a range of evolutionary states, any evolutionary effects in 
these colors must be relatively modest. The colors of PNe 
span a broader range of values compared to those of HII 
regions, for all colors shown in Table [H 

Most of the variation in PNe colors is real and not the 
result of photometric uncertainties. For example, the stan- 
dard deviation in [F160/-F24] is 0.55 dex for PNe. Restricting 
the calculation to the 20 PNe with the highest 160 /im flux 
for which the photometric uncertainty is relatively low, the 
standard deviation is 0.50; it is 0.52 for the 10 brightest 
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PNe. Similarly, the [-F'7o/-F24] color has a standard devi- 
ation of 0.47 for PNe; this standard deviation is 0.43 and 
0.38 for the 20 and 10 brightest PNe at 70 fim, respectively. 

The colors that we have found most useful for discrim- 
inating between HII regions and PNe can be divided into 
three categories. First, many useful colors compare the flux 
at 70 /im or 160 /im with the flux in the MIR at 12 /im, 
22 /im, or 24 fim. A simple interpretation of these colors is 
that they compare the emission from cold dust to that of 
a warmer dust component. Figure [7] shows that the aver- 
age PN SED has significantly more emission in the MIR. 
This suggests that, relative to the cold dust component, 
PNe have more emission from warm dust than do HII re- 
gions. The second category are the colors comparing 12 /im, 
22 /im, or 24 fim fluxes with 8 fim fluxes. This ratio is sen- 
sitive to the emission from PAHs, which emit strongly at 
8.0 fim, and less strongly in the other bands. As stated ear- 
lier, PAHs emit much more strongly for HII regions than 
for PNe. Finally, the ratio [Fiao/Fjo] is sensitive to the lo- 
cation of the SED peak. Since on average the SEDs of H II 
regions peak at longer wavelengths than PNe, this ratio will 
be positive for most H II regions and negative for most PNe. 

5.5. Color-color Diagrams 

There are numerous color combinations where H II regions 
and PNe are strongly segregated; the utility of an individ- 
ual color-color plot depends on the available measurements 
and their accuracy. We show in Figure [5] color-color di- 
agrams for two of the most robust discriminating colors. 
The left panel of Figure IH] shows the colors [Fi2/Fs\ ver- 
sus [FiQo /F22] while the right panel shows [F70 /F22] versus 
[Fieo/Fi2]. The black dashed lines in each panel enclose 
100% of our sample HII regions. In the left panel, the area 
enclosed by these dashed lines includes no PNe while in the 
right panel, only two PNe are within the area. The combi- 
nation of two colors therefore shows a modest improvement 
in discriminating power compared to the single colors alone. 



6. Application to Objects of Unknown 
Classification 

There are numerous astrophysical objects that the criteria 
here derived can hopefully help classify. The power of these 
criteria is of course limited to separating H II regions from 
PNe, and may not be applicable if the object in question is 
neither an H II region nor a PN. Below, we test our derived 
criteria on additional samples of objects of unknown or con- 
tested classification. We also test the criteria on a sample 
of known PNe that are outside the cove rage of Hi- GAL. 

Some of the objects listed as PNe in K wok et al.l (|2008[ ) 
are not included in other catalogs of PNe. Most such ob- 
jects appear visually similar to HII regions: they have 
diffuse MIR emission extended over multiple arcminutes 
and show poor symmetry. We perform aperture photom- 
etry from 8.0 fim to 500 /im as before (see Q on seven 
such nebulae that fall within the Ga lactic zone s tudied 
here. These seven nebulae are listed in iKwok et al.l 



PNe. PNG321. 0—00.7, however, has colors more similar to 
PNe. For example, its ratio [-^160/^12] is 0.65. This source 
is only a few arcseconds in diameter and seems likely to be 
a PN. 

Many of the "disk and r ing" sources s ee n in M IPSGAL 
that were cataloged by iMizuno et al.l ("2010[) do not 
have definitive classifications. 'Mizuno et al (|2010 t) make a 
strong case that the catalog consists primarily of evolved 
stars, and therefore we would expect few HII regions. They 
list in their Appendix, however, two objects that based 
on their morphologies may be previously unclassified spi- 
ral galaxies. One of these, MGE351. 2381-00.0145, shown 
in their Figure 12, appears visually similar to an HII re- 
gion. For this object, the 24 /im emission is surrounded by 
an 8.0 fim ring. The morphology of MGE351. 2381-00.0145 
is similar to the HII region G034. 325+0. 211 detected in 
the HRD^. The IR colors of MGE351. 2381-00.0145 are 
consistant with it being an HII region: its ratio [F12/-F8] 
is —0.42, and [-F22/-F8] is —0.39. We propose that this is 
an HII region, and the "spiral" geometry arises from line- 
of-sight effects, as it likely also does for G034. 325+0. 211. 
An additiona l objec t, named MGE031. 7290+00. 6993 in 
IMizuno et all ()2010[ ). is also included in the HRDS as 
G031. 727+0. 698. This object also has 24 /xm emission sur- 
rounded by 8.0 /im emissior0. Its ratio [Fi2/Fs\ is —0.58, 
and [F22/FS] is —0.13, consistant with it being an HII re- 
gion. Neither object is included in the Hi-GAL data range 
here studiecQ. 

There are 14 HRDS sources that appear point-like at 
8.0 fim. Based on their morphology, they are likely PNe 
rather than HII regions, although the line widths of their 
recombination line emission s uggest that what was d etected 
does not arise from PNe fsee lAnderson et al.ll201ll ). None 
of these sources lie within the Hi-GAL range studied here. 
Of these 14 sources, only three satisfy [Fi2/Fs] > 0.3, and 
eight satisfy [^22/^8] > 1-0, the colors associated with PNe. 
Based on these colors, some of these sources many in fact 
be HII regions. Without Hi-GAL data, however, our dis- 
criminating power is more limited (see Table 

Finally, there are a number of PNe near the Galactic 
Center region that have Spitzer data but, because of their 
Galactic latitudes, do not have Hi-GAL data. We analyze 11 
such objects, using only GLIMPSE, MIPSGAL, and WISE 
data. We find that of these 11, seven satisfy [Fi2/i^8] > 0-3 
and [-^22/^8] > l-Oi consistant with the colors derived for 
PNe. 

The low success rates above show the importance of 
Hi-GAL data for such studies. The central white dwarf of 
PNe can be detected at MIR wavelengths. The contribution 
from the central source, relative to any contribution from a 
dusty shell, increases with decreasing wavelength. We hy- 
pothesize that the fiux from the central source decreases the 
discriminatory power of IR colors at lower wavelengths. 



7. Summary 

Using data from Herschel Hi-GAL, WISE, Spitzer 
MIPSGAL, and Spitzer GLIMPSE, we have searched for 



as PNG298.4+00.6, PNG301. 2+00.4, PNG321.0-00.7, 
PNG329.6-00.4, PNG332.5-00.1, PNG333.7+00.3, and 
PNG340.0+00.9. We find that six of these sources satisfy 
all the criteria listed in Table S) for HII regions; their IR 
colors support their assignment as H II regions rather than 



^ see |http: / / www. cv.nrao.edu/hrds /three_color /three_color_LA229.jpg 
® see http:/ /www. cv.nrao.edu/hrds/three_color/three_color_LA014.jpg 
^ Between submission and publication we analyzed additional 

Hi-GAL data that were not originally available. Both sources 

satisfy all the criteria for H II regions in Table [D 
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Fig. 9: Color-color diagrams for Hii regions and PNe. The left panel shows the colors [^12/^8] versus [F160/-F22] while 
the right panel shows [-^70/^22] versus [-F160 /-F'12] ■ The dashed lines in both panels enclose all Hii regions and few PNe: 
none in the left panel and two in the right panel. 



the most robust colors for separating a sample of 126 HII 
regions from a sample of 43 planetary nebulae (PNe). While 
our sample of PNe, which is confined to the Galactic plane 
and infrared bright, may not be representative of the en- 
tire Galactic population, it should be representative of PNe 
that may be confused with HII regions. 

HII regions and PNe detected at MIR and FIR wave- 
lengths can be reliably separated using these data, and 
numerous colors can be used to do so. The best color 
criteria are [F12/-F8] < 0.3, which is satisfied by 98% of 
our sample of HII regions and 7% of our sample of PNe, 
[Fieo/Fi2\ > 1-3, which is satisfied by 100% of our sam- 
ple of HII regions and 10% of our sample of PNe, and 
[Fieo/F24] > 0.8 which is also satisfied by 100% of our 
sample of HII regions and 10% of our sample of PNe. Long 
wavelength Hi- GAL data greatly increase the discrimatory 
power of such IR color criteria. We applied these criteria to 
objects of unknown classification and were able to discrimi- 
nate between HII regions and PNe in most cases. Replacing 
the MIPSGAL 24 //m fluxes with those of the WISE 22 /zm 
band in the previous ratio produces a nearly identical re- 
sult. The colors of HII regions span a relatively narrow 
range of values. Any evolution in these HII region colors 
with age must therefore be relatively small. 

Combinations of these colors can be more effective at 
separating HII regions and PNe. For example the combi- 
nation [F12/F8] < 0.4 and [i^i6o/-F22] > 0.8 includes aU HII 
regions in our sample and no PNe. 

The average SEDs of the H II regions and PNe in our 
sample are significantly different. The average SED of HII 
regions has an obvious "cold" component that peaks near 
100 /im, as well as warmer component(s) that emit in the 
MIR and a strong contribution at 8.0 /im that may be 
caused by PAHs. The average SED of PNe is much broader 
than that of H II regions and from these data cannot be sep- 
arated cleanly into temperature components. The "cold" 
component of the HII region SED is well-fit with a grey- 
body of dust temperature 25 K. The SED of over two-thirds 
of HII regions peaks at 160 /im, while the remaining one 
third peak at 70 /im. The SEDs of 67% of PNe peak at 



70 /im, with the remainder peaking at either 22 /im or 24 /im 
(23%) or 160 /im (9%). 

We find that WISE 22 /im fluxes are strongly correlated 
with MIPSGAL 24 /im fluxes over five orders of magnitude. 
This suggests that the WISE preliminary release data have 
sufficient accuracy for the photometric measurements car- 
ried out here. The WISE 12 /im data are also well-correlated 
with the IRAS 12 /im data, although the scatter is larger in 
part due to the larger uncertainties when performing aper- 
ture photometry with IRAS data. 

These results are important for future work on H II re- 
gions and PNe since the two populations can be reliably 
separated using photometric measurements and the dis- 
criminating IR colors derived here. These criteria will be 
useful when defining samples of H II regions and PNe from 
large-angle sky surveys. 
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Table 1. The fluxes of Hii regions from 8.0 /xm to 500 /xm. 
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3 


.7 


1, 


.4 





.3 


0, 


.9 


0. 



6.9 
51.0 
18.0 
7.2 
3.6 
26.0 
120.0 
140.0 
84.0 
300.0 
84.0 
23.0 
4.7 
1200. Of 
1100.0 
24.0 
300.0 
18.0 
290.0 
4600.0 
8.8 
43.0 
13.0 
13.0 
29.0 
120.0 
210.0t 
2100.0t 
920.0 
4.1 
73.0 
190. Of 
110.0 
58.0 
17.0 
73.0 
30.0 
2300. Of 
270.0 
560. Of 
46.0 
170.0 
8.2 
6.7 
60.0 
16.0 
66.0 
9.5 
44.0 
1800. Of 
22.0 
16.0 
4.6 



0.6 
3.1 
1.2 
0.8 
0.1 
0.3 

12.0 

10.0 
8.8 

35.0 
9.8 
4.1 
0.3 
7.3 

14.0 
3.1 
8.1 
0.4 

37.0 
220.0 
2.1 
0.8 
0.4 
1.9 
2.0 
2.7 
5.6 

11.0 

67.0 
1.5 
0.5 
1.5 
1.0 
2.5 
1.0 
4.1 
1.5 

56.0 
7.9 

20.0 
1.0 
5.8 
0.1 
0.5 
0.9 
0.8 
1.6 
0.4 
2.2 

25.0 
0.7 
1.4 
0.4 



8.3 
46.0 
19.0 
7.7 
4.4 
30.0 
120.0 
170.0 
65.0t 
280.0t 
58.0 
25.0t 
5.0 
870.0t 
1000.0 
26.0 
330.0 
15.0 
300.0 
4400.0t 
10.0 
41.0 
12.0 
14.0 
25.0 
130.0 
180.0t 
1700.0t 
940.0 
5.5 
31. Of 
160.0t 
73.0t 
62.0 
18.0 
80.0 
27.0 
2000.0t 
270.0 
450.0t 
36.0 
140.0t 
9.4 
7.5 
45. Of 
12.0 
49.0t 
9.2 
36.0 
1300.0t 
20.0 
18.0 
6.0 



1.8 
2.9 
1.0 
0.5 
0.1 
0.3 
20.0 
21.0 
8.8 
6.1 
11.0 
5.0 
0.1 
14.0 
43.0 
4.4 
5.8 
0.5 
31.0 
120.0 
2.7 
0.9 
0.8 
3.0 
2.2 
3.3 
4.4 
11.0 
15.0 
2.4 
0.5 
2.4 
0.9 
1.6 
1.9 
3.7 
1.2 
63.0 
11.0 
13.0 
0.8 
7.6 
0.1 
0.5 
0.9 
0.6 
1.6 
0.4 
2.4 
49.0 
2.7 
1.5 
0.5 



460 
890 
150 
130 
130 
220 
1500 
4500 
800 
4300 
1000 
400 
82 
15000 
14000 
460 
3600 
180 
5100 
69000 
230 
1000 
250 
260 
540 
1700 
9500 
51000 
8400 
170 
4500 
5000 
3500 
1300 
440 
2000 
670 
21000 
3200 
14000 
1100 
6100 
170 
170 
640 
300 
1100 
180 
810 
35000 
460 
210 
150 



100.0 
73.0 
9.2 
50.0 
40.0 
49.0 
640.0 
1100.0 
190.0 
1300.0 
83.0 
90.0 
1.0 
290.0 
1000.0 
82.0 
92.0 
2.8 
530.0 
2400.0 
53.0 
33.0 
15.0 
50.0 
43.0 
110.0 
110.0 
180.0 
510.0 
34.0 
6.7 
11.0 
9.6 
32.0 
49.0 
68.0 
31.0 
610.0 
280.0 
220.0 
21.0 
230.0 
2.8 
6.1 
17.0 
20.0 
44.0 
9.5 
77.0 
1200.0 
85.0 
31.0 
3.9 



610 
2100 
570 
270 
310 
900 
3700 
8000 
2400 
13000 
2200 
1200 
77 
13000 
21000 
910 
5700 
130 
5400 
100000 
440 
1200 
300 
470 
920 
990 
11000 
37000 
12000 
370 
5500 
5100 
4800 
2500 
730 
2300 
1100 
18000 
4500 
12000 
1300 
6700 
210 
380 
790 
300 
610 
150 
1100 
31000 
820 
190 
140 



29.0 
110.0 
45.0 
61.0 
18.0 
27.0 
1500.0 
2000.0 
940.0 
3000.0 
330.0 
120.0 
5.8 
980.0 
4400.0 
200.0 
570.0 
21.0 
2200.0 
17000.0 
81.0 
150.0 
46.0 
160.0 
43.0 
210.0 
160.0 
1400.0 
1700.0 
110.0 
38.0 
83.0 
69.0 
450.0 
240.0 
210.0 
130.0 
1700.0 
1200.0 
300.0 
63.0 
.390.0 
19.0 
18.0 
47.0 
62.0 
60.0 
23.0 
170.0 
5200.0 
170.0 
29.0 
14.0 



600 
830 
130 
130 
140 
190 
1300 
3600 
660 
3200 
960 
350 
31 
4900 
10000 
470 
2900 
51 
2200 
46000 
220 
500 
140 
210 
490 
160 
4800 
13000 
5300 
310 
2100 
2300 
2500 
1600 
380 
1100 
590 
6800 
2200 
5000 
650 
2600 
110 
220 
390 
120 
220 
57 
570 
14000 
420 
75 
60 



150.0 
130.0 
6.0 
39.0 
47.0 
66.0 
580.0 
910.0 
140.0 
880.0 
71.0 
89.0 
3.8 
520.0 
2400.0 
93.0 
320.0 
17.0 
710.0 
10000.0 
33.0 
12.0 
25.0 
83.0 
17.0 
11.0 
130.0 
880.0 
280.0 
73.0 
39.0 
76.0 
65.0 
420.0 
200.0 
84.0 
86.0 
1100.0 
670.0 
120.0 
38.0 
170.0 
12.0 
15.0 
.36.0 
29.0 
24.0 
12.0 
90.0 
.3000.0 
68.0 
9.8 
8.5 



300 
350 
52 
60 
65 
84 
560 
1500 
260 
1100 
400 
140 
11 
1700 
4200 
180 
1100 
19 
740 
16000 
84 
180 
54 
69 
210 
45 
1700 
3000 
1100 
93 
1100 
730 
890 
590 
170 
470 
250 
2300 
880 
1700 
250 
1100 
39 
88 
150 
10 
76 
19 
220 
5500 
160 
25 
23 



71 n 


1 no n 


22 


n 




66.0 


110.0 


23 


.0 




3.4 


17.0 


\ 


4 


HRDS 


14.0 


22.0 


4 


.0 


HRDS 


22.0 


21.0 


7 


1 


HRDS 


35.0 


27.0 


13 


.0 


HRDS 


260.0 


200.0 


93, 


.0 


HRDS 


370.0 


460.0 


110 


.0 


XVliU W li 


53.0 


65.0 


16, 


.0 


HRDS 


290.0 


320.0 


79, 


.0 


T\ n rtM7Ti 


27.0 


120.0 


7 


,2 


HRDS 


36.0 


43.0 


13 


.0 


HRDS 


1.5 


4.3 


Q 


.5 


RMS 


200.0 


610.0 


79. 


.0 


T\ VI ms7Ti 

X VilLJ W li 


ooU.U 


1 cnn n 


ouu. 


n 


Known 


00. u 


79 n 


14 


n 


HRDS 


120.0 


470.0 


49 


.0 


XVilU W li 


7.6 


8.3 


3 


3 


HRDS 


250.0 


260.0 


88 


.0 


HRDS 


QQnn n 
oyuu.u 




1 finn 


n 

.u 


Known 


12.0 


35.0 


4 


.6 


HRDS 


4.1 


65.0 


2 


.3 


XVilU W li 


9.4 


21.0 


3 


.6 


RMS 


15.0 


30.0 


13 


.0 


HRDS 


7.2 


78.0 


4 


.5 


HRDS 


4.2 


14.0 


\ 


.3 


HRDS 


31.0 


790.0 


29 


.0 


XVilU W li 


390.0 


1800.0 


150, 


.0 


T\ Tl mS7TI 
X VilLJ W li 


150.0 


920.0 


40, 


.0 


T\ Tl ms7Ti 

X VilLJ W li 


28.0 


64.0 


17 


.0 


HRDS 


21.0 


400.0 


9, 


,2 


RMS 


40.0 


290.0 


17 


.0 


1a Tl r^"H7T» 
XVilU W li 


00. u 


Ann n 




n 


Known 


linn 


'^7n n 

i u.u 


1 '^n 


n 


HRDS 


Q7 n 
y i .u 


^^9 n 


42 


Q 


HRDS 


15.0 


200.0 




4 


HRDS 


i .u 


1 nn n 


-LU. 


n 


HRDS 


A7n n 

"4: i U.U 


szin n 


9nn 


n 


Known 


250.0 


380.0 


100 


.0 


RMS 


49.0 


620.0 


23 


.0 


1a Tl r^"\^7V» 
XVilU W li 


16.0 


88.0 


y 


,2 


RMS 


60 


390.0 


25 


.0 


XVilU W li 


5 4 


15.0 


2 


4 


RMS 




'W\ n 


Q 




Q 


RMS 


16.0 


55.0 


6. 


.3 


RMS 


10.0 


14.0 


3, 


.7 


RMS 


8.5 


30.0 


3, 


.4 


RMS 


4.8 


7.3 


2, 


.0 


RMS 


34.0 


89.0 


13 


.0 


RMS 


1200.0 


2200.0 


490. 


.0 


Known 


23.0 


62.0 


8, 


.6 


RMS 


3.3 


8.7 


1, 


.3 


RMS 


3.8 


8.7 


1, 


.9 


RMS 



Table 1. continued. 



Name 




b Size 


^8 


0-8 




<Tl2 


F22 


1722 


^24 


(T24 


^70 




^160 


ClSO 


-P2B0 


O'2B0 


^360 


csso 


-Pboo 


(7600 Reference 




deg. 


deg. 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 


Jy 



1.714-0.665 
.529+0.825 
.736-0.425 
.679-0.435 
.375-0.202 
.340-0.128 
.049+0.032 
.978+0.792 
.767-0.007 
.148-0.446 
.146+0.135 
.093-0.130 
.089+0.016 
.661+0.579 
.305-0.385 
.292+0.001 
.476+0.841 
.353+0.144 
.808+0.633 
.593-0.518 
.310+0.448 
.228-0.271 
.164+0.587 
.848+0.018 
.356-0.101 
.313-0.536 
.448-0.748 
.441+0.914 
.516+0.415 
.192+0.109 
.741-0.255 
.407+0.221 
.153+0.613 
.331-0.307 
.236+0.417 
.202+0.861 
.153+0.780 
.874+0.770 
.914-0.164 
.725-0.223 
.050+0.086 
.889-0.058 
.748+0.011 
.156-0.492 
.312-0.273 
.458+0.191 
.446+0.176 
.953-0.449 
.548-0.281 
.383-0.415 
.112+0.314 
.627+0.270 
.426+0.596 
.994+0.389 



-0.665 
+0.825 
-0.425 
-0.435 
-0.202 
-0.128 
+0.032 
+0.792 
-0.007 
-0.446 
+0.135 
-0.130 
+0.016 
+0.579 
-0.385 
+0.001 
+0.841 
+0.144 
+0.633 
-0.518 
+0.448 
-0.271 
+0.587 
+0.018 
-0.101 
-0.536 
-0.748 
+0.914 
+0.415 
+0.109 
-0.255 
+0.221 
+0.613 
-0.307 
+0.417 
+0.861 
+0.780 
+0.770 
-0.164 
-0.223 
+0.086 
-0.058 
+0.011 
-0.492 
-0.273 
+0.191 
+0.176 
-0.449 
-0.281 
-0.415 
+0.314 
+0.270 
+0.596 
+0.389 



G334 
G333 
G333 
G333 
G333 
G333 
G332 
G332 
G332 
G331 
G331 
G331 
G330 
G330 
G330 
G329 
G329 
G328. 
G328. 
G328. 
G328. 
G328. 
G327. 
G327. 
G327. 
G326. 
G326 
G325 
G324 
G323 
G322 
G322 
G320 
G320 
G320 
G320 
G319 
G318. 
G318. 
G318. 
G317. 
G317. 
G316. 
G315 
G313 
G313 
G312 
G312 
G312 
G312 
G311 
G311 
G310 



334.714 
334.529 
333.736 
333.679 
333.375 
333.340 
333.049 
332.978 
332.767 
332.148 
331.146 
331.093 
331.089 
330.661 
330.305 
330.292 
329.476 
329.353 
328.808 
328.593 
328.310 
328.228 
328.164 
327.848 
327.356 
327.313 
326.448 
326.441 
325.516 
324.192 
323.741 
322.407 
322.153 
320.331 
320.236 
320.202 
320.153 
319.874 
318.914 
318.725 
318.050 
317.889 
317.748 
316.156 
315.312 
313.458 
313.446 
312.953 
312.548 
312.383 
312.112 
311.627 
311.426 
310.994 



1.8 
4.6 
1.5 
9.0 
1.6 
1.4 
1.3 
1.6 
6.4 
7.8 
2.6 
3.8 
2.0 
1.8 
4.3 
2.9 
1.3 
1.3 
2.2 
6.7 
3.5 
9.8 
2.5 
1.8 
1.3 
1.6 
1.8 
8.1 
3.0 
1.1 
1.3 
2.6 

10.8 
1.7 
1.3 
1.7 
1.6 
1.8 
2.0 
1.5 
2.7 
1.3 
3.6 
6.2 
7.6 
2.3 
4.3 
4.0 
5.1 
2.2 
3.0 
2.2 
4.2 

15.3 



12.0 
110.0 
3.3 
4.1 
2.7 
3.6 
52.0 
310.0 
23.0 
330.0 
3.3 
1.7 
1.6 
4.0 
42.0 
0.9 
17.0 
45.0 
5.5 
510.0 
190.0 
0.4 
0.6 
1.9 
3.6 
1300.0 
2.9 
280.0 
1.6 
39.0 
45.0 
26.0 
380.0 
12.0 
210.0 
29.0 
260.0 
170.0 
16.0 
5.2 
2.1 
5.9 
3.0 
34.0 
12.0 
15.0 
20.0 
65.0 
1.9 
4.0 
33.0 
20.0 
14.0 
240.0 



0.3 

11.0 
0.5 
0.7 
0.4 
1.2 
2.9 

28.0 
1.1 

26.0 
0.3 
0.2 
0.1 
0.3 
6.6 
0.1 
0.5 
1.4 
0.1 

20.0 
5.9 
0.1 
0.1 
0.1 
1.2 

55.0 
0.1 
5.8 
0.1 
1.1 
1.6 
0.9 

11.0 
1.1 
4.4 
1.0 

16.0 

15.0 
2.8 
0.1 
0.1 
1.3 
0.5 
1.2 
1.2 
0.4 
3.8 
9.2 
0.3 
0.2 
1.7 
1.7 
0.2 
9.0 



14.0 
81.0 
2.9 
3.8 
1.8 
3.7 
34.0t 
270.0t 
13.0 
240.0t 
2.6 
1.1 
1.2 
2.7 
33.0t 
0.7 
12.0 
45.0t 
4.3t 
280.0t 
160.0t 
0.5 
1.0 
1.6 
2.9 
680.0t 
2.2 
170.0t 
1.2 
30.0t 
36.0 
26.0 
240.0t 
7.8 
160.0 
17.0 
240.0t 
130.0 
15.0t 
3.7 
2.7 
5.2 
2.3 
20.0t 
9.4 
14.0 
18.0 
44.0 
1.3 
2.7 
20.0t 
21.0 
8.9 
320.0 



0.9 
4.8 
0.3 
0.8 
0.2 
0.6 
2.6 

15.0 
1.1 

21.0 
0.2 
0.1 
0.1 
0.2 
2.9 
0.1 
0.4 
1.0 
0.1 

11.0 
3.4 
0.1 
0.1 
0.1 
0.7 

27.0 
0.1 
4.5 
0.1 
1.1 
0.7 
1.0 
9.1 
0.9 
3.7 
0.7 
8.8 
9.2 
2.2 
0.1 
0.1 
0.7 
0.5 
0.2 
0.6 
0.5 
1.5 
2.8 
0.1 
0.2 
1.3 

12.0 
0.2 
160.0 



63.0 

210.0 
15.0 
18.0 
16.0 
33.0 

110.0 
llOO.Of 
51.0 

960.0t 
10.0 
17.0 
10.0 
6.3 

160.0 
6.3 
55.0 

220.0 
96.0t 
llOO.Of 

780.0t 
7.2 
12.0 
8.7 
5.5 
2300.0t 
16.0 

670.0t 
13.0 

170.0 

130.0 
76.0 

740.0t 
40.0 

330.0 
65.0 

790.0 

260.0 

100.0 
14.0 
33.0 
24.0 
6.1 

110.0 
23.0 
85.0 
84.0 
73.0 
9.3 
23.0 

120.0 

110.0 
30.0 

240.0 



0.8 

40.0 
0.8 
3.8 
1.1 
1.2 
7.9 

20.0 

11.0 

30.0 
0.7 
1.4 
0.3 
1.2 
3.1 
0.3 
1.0 
5.6 
2.1 

10.0 
2.6 
0.3 
0.4 
0.2 
0.7 
120.0 
0.5 

10.0 
0.1 
5.6 
1.0 
4.6 

80.0 
2.0 
4.0 
1.7 
9.0 

14.0 
2.2 
0.1 
0.1 
0.4 
0.6 
0.7 
1.2 
2.1 
4.5 
6.2 
0.1 
0.7 
1.5 

15.0 
0.4 

17.0 



54.0 
200.0 
17.0 
17.0 
14.0 
34.0 
100.0 
940.0t 
45.0 
820.0t 
12.0 
14.0 
8.4 
6.8 
120.0t 
5.9 
41.0t 
210.0 
45.0t 
870.0t 
680.0t 
5.9 
8.9 
8.0 
6.6 
1900.0t 
16.0 
520.0t 
9.8 
140.0t 
lOO.Ot 
80.0 
590.0t 
32.0 
330.0 
45.0t 
740.0 
270.0 
72.0t 
15.0 
28.0 
21.0 
7.1 
72.0t 
24.0 
71.0 
66.0 
74.0 
8.5 
21.0 
92.0t 
71.0 
26.0 
210.0 



1.6 
32.0 
0.7 
3.0 
0.6 
1.5 
8.0 
16.0 
11.0 
15.0 
0.9 
1.3 
0.3 
1.3 
4.0 
0.3 
1.1 
3.2 
0.3 
13.0 
3.5 
0.3 
0.5 
0.8 
0.8 
130.0 
0.3 
9.3 
0.1 
3.8 
1.4 
4.2 
75.0 
1.5 
2.1 
1.0 
9.4 
13.0 
2.1 
0.1 
0.1 
0.7 
0.7 
2.1 
1.2 
3.3 
6.7 
6.3 
0.1 
0.7 
1.9 
2.8 
0.6 
47.0 



730 
2600 
400 
320 
220 
290 
1800 
12000 
1100 
13000 
270 
190 
150 
140 
3300 
93 
760 
7900 
10000 
23000 
16000 
46 
290 
150 
190 
77000 
520 
12000 
120 
7000 
3000 
910 
23000 
760 
6200 
1100 
8800 
4600 
2200 
330 
1900 
550 
180 
2400 
540 
1600 
1600 
1300 
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References. fHRDS) [Anderson et al] (|2011l '): (K nown) Hll regions known prior to the HRDS described in [Anderson et aTl l|201lD : fRMS) lUrguhart et al.l l|2008D . 



Table 2. The fluxes of PNe from 8.0 to 500 /im. 
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